Inadequate oxygen supply during labor results in fetal hypoxemia, where the capacity of endurance is reflected by the degree of acidemia measured in umbilical cord blood at birth. The fetal acidbase status is best estimated in arterial cord blood, but cord vessels might be mixed up or blood aspirated twice from the same vessel, and to assure the source of origin it is necessary to analyze also venous cord blood samples. To distinguish arterial from venous samples, arterio-venous (A-V) and veno-arterial (V-A) blood gas value 
gradients are calculated, and samples not meeting certain validation criteria are questioned.
The existing validation criteria are based on determinations of pH and pCO 2 and probabilities that a sample is either arterial or venous, [1] [2] [3] but there is no consensus on validation criteria in the literature. The smallest accepted V-A pH gradient (ΔpH) to distinguish between arterial and venous blood has been set to 0.01, 3 0.02 1 or 0.03 units, 4 and the smallest A-V ΔpCO 2 cut-off to 0.45, 3 0.5, 1 0.7 2 or 1.0 kPa.
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In this study, we aimed to explore the possibility of also using distributions of ΔpO 2 and Δlactate to establish the origin of cord blood samples. We hypothesized that arterial pH and pO 2 should be lower, and pCO 2 and lactate higher, than venous values. Since it is claimed that negative Δvalues only occur when arterial and venous blood is mixed up, we hypothesized that no associations between Δvalue charge and cord blood acidemia or clinical characteristics exist. A secondary aim was to describe percentile distributions for Δvalues.
| MATERIAL AND ME THODS
Determination of arterial and venous umbilical cord blood gases at birth is routine at the Skåne University Hospital maternity units in Malmö and Lund. Radiometer ABL 735 blood gas analyzers The instructions to the midwives were that cord blood should be sampled in pre-heparinized 2-mL syringes immediately after birth and before the newborn's first breath, and analyzed within 15 minutes. After vaginal delivery, the routine in Lund was puncture of the unclamped cord vessels immediately after birth, performed by an assistant nurse, whereas in Malmö the cord was double-clamped and blood sampled later. At cesarean section (CS), the cord was double-clamped before sampling at both units. Analyte data stored in the analyzers' hard drives were electronically transferred to a computerized statistical program (STATVIEW ® version 5.0.1; SAS Institute, Cary, NC, USA). A prerequisite for inclusion in the study was that each set of variables, ie, pH, pCO 2 , pO 2 and lactate, was complete for both the cord artery and vein in each case and could be identified without doubt in the analyzers' hard drives by the unique maternal personal identification number, vessel of sampling (artery, vein), place of origin (delivery ward) and time of analysis.
In the analyzer hard drives, but not on paper outprints, each analyte result is followed by a report of analysis quality. Consequently, all cases where the quality check system reported error for any of the eight studied analytes, such as poor calibration, temperature error, electrode instability or air bubbles at the electrode, were excluded from the study. Values for pH are presented by the analyzers with three decimals, for pCO 2 and pO 2 with two decimals, and for lactate with one decimal.
The parameter Δvalues were classified as positive, zero or negative relative to the A-V or V-A difference using all reported decimals.
To investigate the relation between Δvalues and clinical characteristics, the contours of the histogram distributions were examined and sub-populations identified by intersection nadirs as having negative Δvalues (group A), around zero Δvalues (group B) and positive
Δvalues (group C), as proposed by Westgate et al.
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Using the maternal identification numbers, laboratory data were paired with clinical data retrieved from the regional Perinatal Revision South Register. Only cases with available clinical data were included in the study. Figure 1 shows the merged Lund and Malmö databases (44 423 newborns with cord blood samples and clinical data) and the stepwise exclusions of cases until 27 233 newborns with ensured identifications and complete panels of blood gas and clinical data remained.
| Statistical analyses
The Kruskal-Wallis one-way analysis of variance and the Mann-
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MOKARAMI et Al. The intersection nadir values between the histogram contour curves of groups A and B, and between B and C, are shown in Figure 1 (path 1) and in the footnote to Table 3 . No nadir A-B value could be identified for ΔpO 2 , but the intersection nadir value B-C was 0.40 kPa and hence the A-B intersection value was set to −0.40 kPa. Table 3 shows differences in clinical characteristics relative to the groups A-C. Significant differences between groups were found for pushing time, birthweight, cord pH and mode of delivery. The differences remained among vaginal deliveries when comparing clinical data between spontaneous and instrumental deliveries (P ≤ 0.007) and there was also a significant difference in gestational age (P ≤ 0.01). Comparisons between groups A, B and C within the elective and emergency CS groups, respectively, showed significant differences in arterial and venous pH 
| RE SULTS
AGA, appropriate-for-gestational age (mean ± 2 SD);
LGA, large-for-gestational age (>mean + 2 SD); SGA, small-for-gestational age (birthweight < mean −2 SD). a For twin pregnancies, only data from the first twin were included in the study. the emergency CS groups (P < 0.0005) ( Table 3) . Group A was proportionally larger in the instrumental vaginal delivery group (P < 0.0005) and emergency CS group (P = 0.02) but not in the spontaneous vaginal delivery group (P = 0.2).
ΔpH was negatively correlated with Apgar score at both 1 and 5 minutes (Kendall rank correlation, P < 0.0001) (Figure 3 ).
Calculated for Apgar score at 5 minutes, the Kruskal-Wallis test indicated differences in ΔpH between the score groups 0-3, 4-6 and 7-10 (P = 0.055; Mann-Whitney U-test, score 4-6 vs 7-10, in Lund (see above), only data from Lund were used for this purpose (path 2 in Figure 1 , data in Applying both the ∆pH and the ∆pCO 2 2.5th percentile criteria at the same time would result in 400/10 814 (3.7%) of ΔpO 2 values being negative and 7/10 814 (0.06%) being zero, and the corresponding figures for the 5th percentile would be 362/10 678 (3.4%) and 6/10 678 (0.06%). Table 5 shows the distributions of ∆pH values ≥0.02, corresponding to the 5th percentile reported in Table 4 , of ∆pCO 2 values ≥0.5 kPa, which was the 5th percentile for ∆pCO 2 (Table 4) , and of the two cut-offs in combination. When applying both validation criteria, 76.5% of the cases remained (Table 5 ). There was a significant difference between Malmö and Lund in the proportions of approved "double-validated" cases, 66.5% and 89.0%, respectively 
| D ISCUSS I ON
It has been claimed that when umbilical cord blood samples are vali- Δvalues the sampling and identification procedures were correct.
1,3
If validation is just about a correct sampling technique and identification, blood gas values and clinical characteristics would be equal in the three groups of negative, around zero and positive Δvalues.
However, that was not found, because clinical characteristics and acid-base status differed significantly between the groups. Only 52% of cases had positive "approved" Δvalues for all explored variables. This indicates that validation with Δvalues is not only about rejecting samples of unreliable origin, but also that the Δ gradients depend on clinical factors. After a validation process with exclusion of cases with negative "unapproved" Δvalues, the remaining population sample will no longer fully represent the original population sample, but to some extent will be a selected sub-population. This raises a question whether uniform validation criteria are appropriate for all newborns.
Tong et al 7 speculated that valid ΔpH readings but invalid ΔpCO 2 readings is a result of accidental sampling of both arterial and venous blood in the same syringe, but our results did not support this speculation.
When sampling is delayed and the cord blood flow continues, the arterial blood values change toward acidemia, hypercapnia and lacticemia. 8, 9 This phenomenon, called hidden acidosis, 8 might garble the Δvalues. When the newborn's respiration has started, the arterial pO 2 increases until the cord pulsations ebb away, whereas venous pO 2 peaks at 45 seconds and thereafter decline. Apgar score at 5 minutes TA B L E 4 Distribution of umbilical cord blood Δvalues when for each ∆ blood gas variable the ∆values ≤0 of the other two variables were excluded. Only newborns delivered in Lund were included (N = 12 098) was higher in the third trimester. A higher venous lactate concentration indicates a net transfer of lactate to the fetus. However, other authors argue that there is a positive A-V gradient. 11 In addition to the fetal-maternal lactate gradient, the transport of lactate across the placenta also depends on facilitated diffusion coupled with proton transfer. The net transfer of lactate is then directed toward the placental compartment with the lowest hydrogen ion concentration, which is usually the maternal, ie, the direction is then from fetus to mother. In a large population-based study we found that the mean However, this technique requires additional staff to perform the sampling, and the study also indicated that such a technique results in a higher proportion of single-vessel samples. The rate of low 5-minute Apgar scores was higher among cases with a single-vessel sample, and one might speculate that that was impacted by the degree of emergency in cases of fetal distress. Although the difference was significant, it was only 0.3%, and at 1 minute after birth there was no significant difference in low Apgar scores. The study then indicated that the newborns' vitality had little impact on success puncturing both vessels.
As the quality of samples was better in Lund, only those cases were included when calculating the distribution percentiles. The 2.5th and 5th ∆pH percentiles were then 0.013 and 0.022, respec- Several thousands of cases were dismissed due to uncertain identifications of samples, lack of personal identification numbers or incomplete panels of analyses. This could introduce a risk of selection bias when judging the material as representative of the entire population. However, the tabulation of demographic characteristics
indicates the study population sample was well representative of the whole population.
| CON CLUS ION
To summarize, negative umbilical cord blood gas Δvalues 
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